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THE OUTER RADIATION BELT* 

Geomagnetizm i Aeronomiya 
Tom 6 ,  No. 2 ,  377- 380, 
Izd-vo "NAUKA" , 1966 

S U M M A R Y  

by 1. A. Savenko 
M. V. T e l ' t s o v  
P. I. Shavr in  

T h i s  paper expounds the  r e s u l t s  o f d a t a  process ing  fo l lowing  t h e  
i n i t i a l  a n a l y s i s  of the  r e s u l t s  of  measurements of t h e  o u t e r  pro ton  b e l t  
conducted by t h e  r ad iomet r i c  devices of the  AES ttCosmos-4111 and publ i shed ,  
a longs ide  w i t h  t h e  d e s c r i p t i o n  of t h e  appara tus  , i n  e a r l i e r  works c 1 ,  23, 
cover ing  t h e  per iod  p r i o r  t o  August 1964. The r e s u l t s  of  t h i s  subsequent 
a n a l y s i s ,  p resented  h e r e ,  cover the pe r iod  from August t o  December 1964. 

1 * 
The d a t a  concerning t h e  rad iometr ic  appara tus  aboard AES Cosmos-41 

a r e  presented  i n  t h e  Table (next  page). 

The i n t e n s i t y  v a r i a t i o n s  of protons wi th  energy 0.4- 7 MeV, 

1- f o r  3 September, 2- f o r  19  Sept . ,  3- f o r  21 Sep t . ,  4- f o r  9 October ,  

5- f o r  19 December 1964, and t h e  i n t e n s i t i e s  of  t h e  magnetic f i e l d  B 

(curve 6 )  and of  s a t e l l i t e  he igh t  above t h e  E a r t h ' s  s u r f a c e ,  h (curve 7) 
are p l o t t e d  i n  Fig.  1 as func t ion  of t h e  parameter L. ( This  parameter  L 

mas computed i n  the  d ipo le  approximation and t h e  va lues  L > 5 have a con- 

d i t i o n a l  c h a r a c t e r ) .  For  t h e  curves 1 - 4 t h e  f i e l d  i n t e n s i t y  B is given 

by a s o l i d  curve.  Over t h i s  por t ion  of t r a j e c t o r y  t h e  angle between t h e  

axis n -  p of t h e  counter  and t h e  l i n e s  of fo rce  c o n s t i t u t e d  ~ 6 0 ~ ;  i n  
t h i s  way t h e  coun te r  r e g i s t e r e d  protons wi th  pi tch-angles  i n  the  30 t o  90' 

i n t e r v a l .  For t h e  curve 5 t he  f i e l d  i n t e n s i t y  is shown by dashes and t h e  

an,gle between the  magnetic l i n e s  of fo rce  and t h e  coun te r ' s  axis c o n s t i t u t e d  

/v 40' 
of p i t ch -ang les  condi t ioned the lowering of  proton i n t e n s i t y  r e g b t e r e d  on 

t h e  1 9 t h  of  December i n  the  o u t e r  b e l t  maximum (& -3.5). 

i n  t h i s  case.  The magnetic f i e l d  i n t e n s i t y  i n c r e a s e  and t h e  decrease  
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1 s h i e l d  

T A B L E  
PROPERTIES OF THE DETECTORS 

- 

TYPE OF DETECTOR 

S e z ~ c o n d u c t o r  n-p counter  
wi th  sensela  e r  c n s t i t u t e d  

I b i d .  

Cyl indr ,  S c i n t i l l a t o r  

of 8mg/cm 5 Si0 - 4  

NaJ (T1) 

Gas -d is  c harge counters  
STS - 5 

SI-ZBG-I 

S I - ZBG- I1 
End-window gas-discharge 

count e rs 
SIMI-9 NO. 1 

SBT-9 NO. 2 

SHIELD 

2 200 g/cm 
20 mg/crn2 

0.18 g/cm 2 

0.15 g/cm2 
Al + s t e e l  

A1 
min 

min 
0.84 g/cm2 

1 mg/cm2 
mica 

1 w/cm 
mica + 

magnetic 
s h i e l j  

20mg/cm A 1  
+ 1 mg/cm2 
mica and 
magnetic 

Geome t r  
factor 

cm s te r  2 

0.06 
0.07 

6.8' 

4.3* 

0.1* 

0.1 * 

0.1 

0.1 

T Y P E  AND ENERGY 
OF REGISTERED 

PART1 CLES 
~ 

A t  d i r e c t  passage 
Le > 600 kev 
E ,  > 10 Mev 

E ,  2 500 kev I!',) > 9 Mev 

E,. > 25 kev r?, > 0,5 Mev 

% > 8 5  kev E ,  >0,5 Mev 

> 120 kev El ,  > 3 Mev 

2 * Here t h e  geometr iczl  f a c t o r  i s  i s o t r o n  i n  cm 
-. 

From t h e  cons ide ra t ion  of t h e  curves  f o r  proton i n t e n s i t i e s  i t  may 

a l r e a d y  be seen  i n  Fig. 1 (next  page) t h a t  t he  o u t e r  p a r t  o f  t h e  protono- 

s p h e r e  undergoes s u b s t a n t i a l  v a r i a t i o n s  beginning with L 5.5. From 

t h e  comparison of data on i n t e n s i t y  measurements of protons and e l e c t r o n s  
of the outer r a d i a t i o n  b e l t  c23 f o r  various s a t e l l i t e  f l i g h t s  t he  following 

conclus ione  may be der ived  : . ./.. 
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a)  t h e  g r e a t e s t  t e q m r a l  i n t e n s i t y  v a r i a t i o n s  of  e l e c t r o n s  f o r  a 
f i x e d  L take p lace  i n  t h e  reg ion  L = 5 + 7 : at t h e  same time t h e  count ing 

r a t e  v a r i a t i o n s  are l i n k e d  with both,  t h e  v a r i a t i o n  o f  t he  s p a t i a l  p o s i t i o n  

of  t he  b e l t ,  and the  i n t e n s i t y  v a r i a t i o n  of  e l e c t r o n s  wi th  energy exceeding 

t h e  d e t e c t o r ' s  t h re sho ld ;  

b) t h e  temporal v a r i a t i o n s  i n  t h z  i n t e n s i t y  of  protons t a k e  place 

only i n  t h e  o u t e r  p a r t  02 t h e  proton b e l t ,  beginning wi th  L >4.5 and in -  

c r e a s e  wi th  t h e  i n c r e a s e  of  L ,  whereas t h e  p o s i t i o n  o f  t h e  i n t e n s i t y  m a x i -  
~ u m  (Lm= 3.5) and t h e  i n t e n s i t y  of p ro tons  i n  the  maximum ha rd ly  vary.  

These conclusions are i n  agreement 

wi th  t h e  works c3 ,  41. According t o  t h e  re -  

s u l t s  o f  measurements on Explorer-14 C31, 
t h e  temporal v a r i a t i o n s  o f  e l e c t r o n s  w i t h  

e n e r g i e s  E, > 40kev and 

reach  t h e  va lue  of Id; at the  same time 

t h e r e  is noted a tendency t o  v a r i a t i o n  i n -  

c r e a s e  as L inc reases  from 2.8 t o  4.8, 
w h i l e  t h e  i n t e n s i t y  of measured protons 

w i t h  e n e r g i e s  E >500 kev. i n  t h e  r eg ion  
L = 2.8- 3.6 v a r i e s  s u b s t a n t i a l l y  l e s s  

t han  by a f a c t o r  of 2. 

E, > 1.6 Mev 

P 

It is concluded i n  the  work C43 
from t h e  data of 15 passages of AES- Fig.  1 

E x p l o r e r 4 2  through the  o u t e r  proton b e l t  

t h a t  t h e  t eupora l  v a r i a t i o n s  do not exceed 30% f o r  protons w i t h  ene rg ie s  

E > l 0 0 k e v  i n  the  r eg ion  L 4 7. However, t h i s  is not  i n  c o n t r a d i c t i o n  

w i t : ,  t h e  data obtained on AES Cosmos-41, where t h e  s c a l e  of  v a r i a t i o n s  

reached 10  

have been 
of t h e  r e g i s t e r e d  protons is e s s e n t i a l l y  d i f f e r e n t  from t h a t  i n  our  case.  

P 

2 c21, for  dur ing  measurements on Exporer-12 t h e  15 days m a y  

qu ie t  f o r  t h e  protonosphere,  and bes ides ,  t he  energy threshold  

Cons idera t ion  of t he  r e l a t i o n s h i p  be tween the measurements of pro ton  

and e l e c t r o n  i n t e n s i t y  and t h e i r  dependence of  t h e  geomagnetic s e t u p  o f f e r s  

i n t e r e s t .  The i n t e n s i t y  v a r i a t i o n s  of low-energy protons with energy from 
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0.4 t o  3Mev on va r ious  L- she l l s  ( curves 2) a r e  p l o t t e d  i n  Fig.  2 accord- 

i n g  t o  measurements from 31 August t o  4 September and from 1 6  September t o  

21 September. Shown t h e r e  a l s o  a r e  the  i n t e n s i t y  v a r i a t i o n s  of e l e c t r o n s  
r e g i s t e r e d  by counter6 SI-ZBG-1 (curves  1) and STS-5 (curves  3 ) .  Given i n  
the  lower p a r t  a r e  the  v a r i a t i o n s  of t h e  three-hour  K - i n d e x  [51. It may P 
be seen  from the graphs t h a t , t h e r e  is a p o s i t i v e  c o r r e l a t i o n  between the  

temporal i n t e n s i t y  v a r i a t i o n s  of protons and e l e c t r o n s ,  t h i s  c o r r e l a t i o n  

be ing  s t r o n g e r  f o r  t he  more e n e r g e t i c  e l e c t r o n  component. An i n v e r s e  p i c t u r e  

is observed only on L = 10, but here t h e  count of SI-ZBG-1 remained dur ing  

the  e n t i r e  experiment a t  t h e  background l e v e l  of  cosmic r a d i a t i o n .  Moreover, 

i t  may b e . s e e n  from F i g . 2  t h a t  t he  appearance of  s i g n i f i c a n t  pro ton  and 

e l e c t r o n  i n t e n s i t y  i n  the r eg ion  L 

of m a p e t i c  p e r t u r b a t i o n s  . 7 + 10 is l i n k e d  w i t h  t he  i n c r e a s e  

4 5 6 7 8 9 lOL 

The dual  c o r r e l a t i o n  f a c t o r s  r were computed of the  corresponding 

va lues  i n  t h e  r eg ion  L 
e s t i m a t e s  of  t h e  dep.endence of temporal i n t e n s i t y  v a r i a t i o n s  of e l e c t r o n s  

from 4 t o  1 0  with t h e  view of ob ta in ing  q u a n t i t a t i v e  
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and pro tons  C61. For va lues  r >/ 0.4, the  r e l a t i v e  e r r o r  i n  the  determina- 

t i o n  of  r ,  propor t iona l  t o  noli' (& being  the  number of  measurements), 

d i d  not exceed 40%. The r e s u l t s  of p rocess ing  a r e  shown i n  F ig .3 ,where  
t h e  v a r i a t i o n  of t he  c o r r e l a t i o n  f a c t o r  a8 a func t ion  of  L is p l o t t e d  

f o r  t h e  t h r e e  considered cases .  The curve 1 r e f e r s  t o  t h e  dependence of 

t h e  temporal i n t e n s i t y  v a r i a t i o n s  of pro tons  with e n e r g i e s  0.4-7 Mev , 
and t o  t h e  i n t e n s i t y  of hard e l e c t r o n s  r e g i s t e r e d  by t h e  counter  S I - Z B G - 1 ,  

t he  curve 3 - t o  t he  case of protons and s o f t  e l e c t r o n s  r e g i s t e r e d  by t h e  
STS-5 counter .  It may be seen  from t h e  exan;ination Gf the  curves 1 and 2 

t h a t  a n  a n t i c o r r e l a t i o n  is observed i n  the  v a r i a t i o n s  of t h e  proton and 

and e l e c t r o n  r a d i a t i o n  component8,in t h e  L reg ion  from 4 t o  4.5, which may 
be expla ined  by s p a t i a l  s h i f t  of the pro ton  b e l t  (L =3.5).and e l e c t r o n  

b e l t  m a x i m a  (Lm=J+,5 + 5.01, inasmuch as i n  t he  r eg ion  i n d i c a t e d  t h e  pro- 

t on  b e l t  has  an  o u t e r  i n t e n s i t y  drop , and the  e l e c t r o n  b e l t -  t h e  inne r .  

F u r t h e r ,  f o r  L -5.5 + 9.5, i t  may be seen  from the  curve 2 t h a t  the  pre- 
sence of  p o s i t i v e  c o r r e l a t i o n  e x i s t s  w i th  a c e r t a i n  decrease  of r on L L 7. 
The absence of c o r r e l a t i o n a l  dependence at  L >9.5 is  evidence of t h e  f a c t  
t h a t  e n e r g e t i c  e l e c t r o n s  were gene ra l ly  not  r e z i s t e r e d  a t  such remote L- 

s h e l l s .  For the  curve 1 t h e  absence o f  c o r r e l a t i o n  is observed at  s t i l l  
lower s h e l l s  (L> 7 ) .  

I 

The curve 3 has  an e n t i r e l y  d i f f e r e n t  cha rac t e r .  Here, t o  the  con- 

t r a k y ,  a n t i c o r r e l a t i o n  t a k e s  p lace  i n  the  reg ion  L C 7,  while on L > 8.5 
t h e r e  is a p o s i t i v e  c o r r e l a t i o n .  To e x p l a i n  t h e  f i r s t  e v e n t ,  t h e  d i f f e r e n c e  

i n  t h e  behavior  of the  s o f t  (Ee > 40 kev)  and hard (Ee > 1.6 MeV) compo- 

n e n t s  of e l e c t r o n  r a d i a t i o n  of t he  o u t e r  r a d i a t i o n  b e l t  dur ing  magnetic 

d i s t u r b a n c e s ,  observed through the  measurements on Explorer-14 C31 , m a y  

s e r v e  as a c e r t a i n  i n d i c a t i o n .  A c e r t a i n  s h i f t  i n  phase w a s  de tec t ed  by t h e  
a i t s  

a u t h o r s  at o u t e r  r a d i a t i o n  b e l t 2 f i l l i n g  by e l e c t r o n s  of  the  above i n d i c a t e d  

e n e r g i e s  a f t e r  magnetic d i s tu rbance .  

The presence of  a p o s i t i v e  c o r r e l a t i o n  i n  t h e  i n t e n s i t y  Var i a t ions  
of p r o t o n s  and s o f t  e l e c t r o n s  on L-10 is evidence of a r a t h e r  f requent  
r e g i s t r a t i o n  of s imultaneous fluxes of  pro tons  and s o f t  e l e c t r o n s  near  t h e  

boundary of t h e  magnetosphere. During the  magnetic s torm W i t h  sc Of 30 Septa 
1961 f l u x e s  of pro tons  -2 10 5 2  (cm s e c - s t e r ) "  with energy Ep)140 kev 



I 

6 .  

6 2  and e l e c t r o n s  /v 3 e 1 0  (cm a s e c . s t e r ) "  w i t h  energy E, 3: 10  + 35 kev 

were r e g i s t e r e d  by t h e  appara tus  of  Explorer-12 C71. The au tho r s  approxi- 
mated t h e  i n t e g r a l  spectrum of' t h e  r e g i s t e r e d  pro tons  by t h e  express ion  

N ( >E) - N0EoY , where 'I = 0.8 - 1.05. We had noted i n  t h e  work [2] 
a case of r e g i s t r a t i o n  on L E9.5 of a pro ton  f lux  10 3 2  (cm . sec . s t e r ) - '  
wi th  energy 0.4-3 MeV,  sccompanied by i n t e n s i t y  i n c r e a s e  of s o f t  e l e c t r o n s ,  
t h i s  case co inc id ing  i n  t ine  wi thageomagnet ic  storm. Three peaks of pro ton  

i n t e n s i t y  - lo3  (cm2. s e c  . s te r ) - '  were r e g i s t e r e d  i n  all on remote L - s h e l l s  

two of them be ing  a t tended  by magnetic s torms .  However, i n  t h e  computetions 

havinp RPQwrlined t h e  presence on L > 9 of a p o s i t i v e  c o r r e l a t i o n  of pro ton  
and s o f t  e l e c t r o n  i n t e n s i t y ,  en t e red  all cases  of  measurements, exceeding t h e  

r e g i s t r a t i o n  th re sho ld  ( 3  cm'? sec'l- s t e r o l ) .  

The process ing  of data on a s c e r t a i n i n g  the  c o r r e l a t i o n a l  dependence 

of pro ton  i n t e n s i t y  on magnetic d i s tu rbance ,  cha rac t e r i zed  by the  p l a n e t a r y  

K -index c51, PI= conducted by the same method; t h i s  Kp-index w a s  averaged:  

day; c )  f o r  1 2  hours  preceding  t h e  measurement t ime, d )  for 3 hours  prece- 
d ing  t h e  measurement t ime. 

P 
a> f o r  t h e  day preceding t h e  measurement t i m e ,  b) f o r  t h e  c u r r e n t  

The s t r o n g e s t  c o r r e l a t i o n a l  dependence w a s  found f o r  t h e  case  c ) ;  

the  corresponding curve of c o r r e l a t i o n  f a c t o r  r v a r i a t i o n  from parameter L 
is p l o t t e d  i n  F i g . 3  by the  curve 4. It is i n t e r e s t i n g  t o  note  t h a t  f o r  t he  

case  d )  on L= 9.10 somewhat g r e a t e r  va lues  of  r were obtained than  f o r  
t h e  case  c ) .  (The r e s p e c t i v e  p o i n t s ,  j o ined  by dashed l i n e  a r e  represented  

i n  Fig. 3 on t h e  curve 4 i n  t h e  r eg ion  L = 9 + 1 0  ). I f  this t a k e s  p l ace  
indeed ,  i t  may s e r v e  as a rough i n d i c a t i o n  of t h e  f a c t  t h a t  t h e  appearance of 

p ro ton  f l u x e s  on remote I , -shel ls  i s  l i n k e d  with a more concre te  geoaagnet ic  

s e t u p ,  w h i l e  t h e  pre-h is tory  of t h e  l a t t e r  i n  a -12 hour time i n t e r v a l  

e x e r t s  a g r e a t e r  i n f luence  on the  proton i n t e n s i t y  v a r i a t i o n s  i n  L = 6 + 9. 

The au thors  are g r a t e f u l  t o  N. Gorcieyev and N. Rachetkin for conduct- 

i n g  c a l c u l a t i o n s  and procese ing  t h e  ma te r i a l .  

Received on 15 June 1965. 
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